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Design of a ground HIL simulation test platform for flight control system of UAV

BAO Yonglin
(Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: A ground Hardware-in-Loop(HIL) simulation test platform is used to perform ground tests for
flight control system of Unmanned Aerial Vehicle(UAV). For the purpose of such tests, a ground HIL
simulation platform based on MATLAB Real-time Workspace(RTW) and real-time operating system
VxWorks is designed. The mathematic model of the UAV is built, and the closed loop of the real-time
system including a master computer, a control computer and a model computer is constructed. Hardware
and software configuration, and also flight control laws are discussed. This platform enables the observation
of system states in UAV flight process, the injection of disturbance, and online adjusting of parameters.
This platform is simple but very functional, and it provides a valid way to test control laws of UAV.
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Fig.1 Overall structure of HIL test platform for UAV flight control system

PRI REA I B Z B, SefT R TR LY B 1 R AN RGBS A B AL
BEY-G. RGEHRGE-IE 2,

TAGH 3 GIFEN BB T L [ ] dismwbimu |
RoBLHA T3 . LK R 0 7 2 >
XF GBI o EEHIHLIN S B AT A T
IF, ‘ PR TP N S AT JC AL AR A | control goal ﬂi%htl > IilJoAd\c/l
b L4 1 A A R 4 —
AL, el A AR AT A R A R master computer | angle output
S 1 o T R [ S daa K |
S 5 S M 2 o A R | aTLan simaink K
BL, PR (oL R v .
I P 4 35 5 PO OSB3, AP B XA s RT—
T PEAT S I A 2 B 4 s UK IR (o] B0 Fig.2 Simplified structure of the HIL test platform
By 52 2 Wik ES il O B R A

RGP RWARIT .

1) fE EAIAL Simulink & S7JE AL [ BRI, Xt IC A MU BY it e 3l , - i B il 45 4w B4 o
i, FREVECT O BAE R

2) M S O BR GE P PRSI ] - K DT AR LB 38 ) VxWorks SEI $8AF R 48 F A SEISAURD , AR
TIHL; ¥ MATLAB T REERRFEE N C P, REEHGITEIL, BIRE RS RAE X Tornado HARAY
S A 2 ] (RTW) S AR 3, 57 il 37 ML A5 488 R AL =2 [A] 6 5 b 530 [l i, by b (57 L Simualink 72 5 i i 42
A, WRLEIHEATSCR R 25 [RIE Simulink 7y b 5T ST R A U

3) Aol s, B RERF B EES BRI,

4) T R R GBI Z [ AAEHL I G 5280, Tk A/D SRR AL

2 EAEE

R TN 12 D H R AEEIRLE R, BBETWN . TERBSEHSHE VM. B
KHLIzE Bl AR ST AR T BT SRR A ML A AR E M R Gk =2 R DG R iy, SR NP Bh SRR T
e — TAE iR &AL CHLI i 3 R

FEFEAT /PSR AL BT, e IBOE H B TT M AT 3R, IF BB T AL 2 303k ol b 43 % S 9\ ) 3 3
FUREM 0142 2h 3% 2 RG89 1038 3l o B /N 20 B 345 21 I8 A LA 1) FRE O 1) /NP sh 2k Ak 5 %, g AR A =S
[ RS A

X =AX +BU, Y =CX (1)
A 51 AHRETE; B 200 T X WRGEREHER; UNRSEMARRE; YRS H LR, AB
L C o0k RGEFFIEF R . X T Mz sh A .
X=[V a q 6], U=[5 o )
b VOB o NI g AIFMMAER 0 IEMMA; o Rl m; o, Rm MLz .



5 6 Bk ST A ML RIS R G S (5 B R A %05

PR 55 2K, BCERITE ALAE @ 9 144 m, B 137.16 m/s Z51F T CHLSUE B B A TCMIH © AT o Bk
W&, RIETAMLS S5, 4 a XA KNS E, B EZ T AL/ MESPR S TR aT

-0.0081 6.7491 -0.5936 -32.170 0.0016 0.1120
—0.0001 -0.6352 0.9643 0 0 -0.0014
_ X + U (3)
0 —0.6083 -0.8246 0 0 -0.1835
0 0 1.0000 0 0 0

3 EHIER

N T X B A BT R, BRI AL T T AR s, AL
1) A AR 4 42 o e
AS, = L,AO+ L,AO (4)
2) %E%%%Efﬁﬂ@ | __
A8, =K!AO+KIAO+K!(Ah—Ah)+KIAR  (5) AT y=Cx+Du
3) B AR A AE state-space
A8, = K!AO+ K" (AO-AB,), AG, =K,V ~V,) (6)
X AFRTR/ANR S, AR LR K RORAE

HEBG b ATEE; The g #mEs; T a0
br z #onitashl. £ MATLAB/Simulink X} e E)H
Jo N HLBE RS R 45 il A AT A B B R, 45 F) "

Simulink %0507 EURR L H: b A BLEE I LA 3. Fig3 Simulink model of UAV

& 3 &AM Simulink FEBIHE &
B3 v o i 7o e T R B0 £ A ”

A A 308 2 B Y AT RAT R Bk 1) B G PSR HE B LR 4(a), HoP Y Chart b Stateflow R,
A AR AR SR g i 2%, X 3 B il A B U e R AT dE ) . KT, KH KV 40 5D F L o B LA R 3 4t 3
o Stateflow BB %E ILIE 4(b).

» .
o % D) DO
» [KT>0] entry. DT=0; [KV>0]
x AE Y. ;
» » DH=0;
S L 3
add DV=0
v D
q
£ Conrol GO Ke>] [ D2 kv>01( D3
v ‘_n 0 entry.DT=1; 1 - entry.DT=1; 1 L. entry.DT=1;
AE - af—y— DH=0; - DH=L; - | DHD;
= DV=0 DV=1
VControl Dv=0 kr>0) \_PVZ0J kee0)
q 2
4
AE Jid ™ _. [KV>0]
i i
HControl H

(a) (b)
Fig.4 Simulink model of control module and stateflow model
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Fig.6 Comparison of Simulink simulation and HIL simulation for speed controlling
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